Abstract: None of the existing tectonic models of Peninsular Malaysia fully explains the spatial, age or geochemical characteristics of the Central Belt intermediate to basic igneous rocks. The Central Belt granitoids, which lie critically close to the Bentong-Raub Line, have distinct geochemical characteristics. They have very high LIL elements, i.e. Ba and Sr are nearly 1,000 times rock/mantle. The high Ba and Sr values may result from the penetration of the lower lithosphere by a small volume of mantle material that is enriched in those elements attributed to 'mantle plume' type magmatism. Other supporting evidences include the presence of bimodal magmatism, the presence of mafic enclaves of older granitoids in younger granitoids and the new age data indicated that there is a significant time interval (up to between 30 Ma) between the first mafic magmatism and the later felsic magmatism; the Central Belt plutons are postorogenic and penecontemporaneus with rapid post-orogenic uplift, and erosion with the development of the JurassicCretaceous continental deposits of the Central Basin; the presence of thin continental crust beneath the Central Belt; the Benom granite has yielded an initial 87Srj86Sr ratio of 0.7079, which points to an origin in highly enriched lithospheric mantle; and the presence of mafic enclaves is consistent with a mafic lower crust beneath central belt formed by underplating. A model have been proposed that involved the oblique convergence of the two tectonic provinces of Peninsular Malaysia where slab breakoff which is the natural consequence of the attempted subduction of the continental crust is invoked to account for the 'mantle-plume' type magmatism of the Central Belt. The outcome of the slab breakoff is the long linear belt of single plutons characterized by high-K, shoshonitic granitoids with characteristic trace element signatures, specifically high Ba and Sr, which lie critically close to the Bentong-Raub Line. Other features include the bimodal association of mafic and felsic rocks, the low grade regional metamorphism, thinned continental crust, rapid uplift and erosion with the development of extensionaVtranstensional basins.
INTRODUCTION
The granitoid and other igneous rocks of the Central Belt of Peninsular Malaysia form a long, narrow, and a well defined chain of plutons. These complex suites of igneous rocks intruded into low grade Permo-Triassic sediments which lies adjacent to the Bentong-Raub Line. The Central Belt intermediate to basic igneous rocks have been studied by several workers (Scrivenor, 1931; Richardson, 1939; Khoo, 1968; Hutchison, 1971; Jaafar, 1979; Khoo and Tan, 1983; Tan and Khoo, 1993; Mohd Rozi Vmor and Syed Sheikh Almashoor, 2000; Azman A. Ghani and Mustaffa, 2002) .
These plutons which lie critically close to the boundary between the Western and Eastern Provinces of Peninsular Malaysia have distinct geochemical characteristics. New trace element data from these plutonic rocks shows that they have very high LIL elements, i.e. Ba and Sr are nearly 1,000 times rock/mantle. The high Ba and Sr values may result from the penetration of the lower lithosphere by a small volume of mantle material that is enriched in those elements (Azman A. Ghani and Mustaffa, 2002) None of the existing tectonic models of Peninsular Malaysia fully explains their spatial, age or geochemical characteristics. In this presentation we will relate the distinct geochemical signature of the Central Belt granitoids to 'mantle plume' type magmatism and discuss their implications on the geotectonic development of Peninsular Malaysia.
THE CENTRAL BELT GRANITOIDS
The Central Belt granitoids and other igneous rocks ( Fig. 1) includes from north to south, the Kemahang Granite, the Senting pluton, the Benta plutonic complex and the Benom pluton, the Teris, Tapah, Palong, Manchis, Ma'Okil and Batu Pahat plutons. They were emplaced into low grade Permo-Triassic sediments with the exception of the Kemahang Pluton which intruded into low grade greenschist to amphiblite facies metasediments of the Taku Schist. Some of the plutons showed strong deformation but others are relatively undeformed (Cobbing et al., 1992) .
Among the Central Belt plutons the most well studied are the Benta plutonic complex and the Benom pluton (Fig. 2, Scrivenor, 1931; Richardson, 1939; Khoo, 1968; Hutchison, 1971; Jaafar, 1979; Khoo and Tan, 1983; Tan and Khoo, 1993; Mohd Rozi Vmor and Syed Sheikh Almashoor, 2000; Azman A. Ghani and Mustaffa, 2002) . This complex suite of igneous rocks consists of (from the oldest to the youngest) strongly foliated K-feldspar megacrystic gabbro or diorite, unfoliated K-feldspar megacrystic gabbro or diorites, K-feldspar megacrystic syenite, monzonite with lesser amount of dolerite dykes and mafic microgranular enclaves (Mohd Rozi Umor and Syed Sheikh Almashoor, 2000) . Mafic magmatic enclaves are ubiquitous in the complex. They occur as isolated inclusions in the silicic plutons and as packed masses in the intermingled zones of the gabbro-diorite unit. The mafic enclaves typically display round and pillow-like shapes, igneous textures, and chilled margins, and thus denote the mingling of mafic and felsic magmas. They were emplaced into low grade Pem10-Triassic metasediments which include calc-silicates, pelitic hornfels and lesser amount of quartzites. These characteristics suggest that the intrusive complex represent a deeply eroded, shallow level plutonic complex.
The KlAr ages for the rocks yield an age from Jurassic to Lower Cretaceous (Hutchison, 1977; Mohd Rozi Umor and Syed Sheikh Almashoor, 2000) . According to Mohd Rozi Umor and Syed Sheikh Almashoor (2000), the KlAr ages for the syenite is 127 Ma, diorite is 157 Ma and Monzonite 163 Ma. They attribute the old age of the monzonite which should be the youngest to the contamination by diorite. But the more reliable Rb/Sr age of the Benom Pluton yield an age of 207 Ma (earliest Jurassic, Cobbing et at., 1992) , and Triassic (Hutchison, 1977) . 
GEOCHEMICAL CHARACTERISTICS
The Benta plutonic complex are predominantly high-K, shoshonitic ( Fig. 3) with I type characteristics. On the K 2 0 vs Si0 2 plot the whole dataset lies in the shoshonite field. On the Rb vs (Nb + Y) diagram, all the Benta pluton lies in the syn-collisional field (Fig. 4) . New trace element data from these granitoids shows that they have very high LIL elements. The igneous rocks near Raub contain barium from 2,401 to 10,744 ppm with a mean of 4,590 ppm and Sr from 578 to 2,340 ppm with a mean of 1,000 ppm ( 
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The trace elements of the Central Belt rocks are presented in a multi-element spider diagram (Fig. 5) . The representative samples from Central Belt were plotted with increasing Si0 2 • The pattern in these rocks is hard to match to other rocks elsewhere. The profile does not show any systematic trend with decreasing Si0 2 • There is depletion in Rb, Ba, U, K, Nb, P and Ti or negative anomalies against mantle composition. Gabbroic rocks have higher Ce, La, P, and Y and lower K compared to syenitic and monzonitic rocks.
The Ba and Sr content in these rocks are very high compared to other rocks elsewhere, i.e. Ba and Sr contents are nearly 1,000 times rock/mantle.
IMPLICATION OF HIGH BA AND SR: MANTLE PLUME TYPE MAGMATISM
The extremely high Ba-Sr plutons of Central Belt have no comparison with other granitoids elsewhere in the world. Figure 6 compares the Ba content of the Central belt rocks with the rocks from the North Atlantic craton and Oceanic Island basalt. The North Atlantic craton and Oceanic Island basalt has up to 2,500 ppm Ba and 1,800 ppm Sr only (Tarney and Jones, 1994 (Azman A. Ghani, 1997; Atherton and Azman A. Ghani, 2002) . The high Ba and Sr trace elements characteristics of the Caledonian Late Granites were suggested to be derived from the mantle and not the continental crust (Fowler and Henney, 1996) . These Caledonian Granites have been attributed to 'mantle plume' type magmatism related to slab breakoff (Atherton and Azman A. Ghani, 2002) . Azman A. Ghani and Mustaffa (2002) considered that the high Ba and Sr values may result from the penetration of the lower lithosphere by a small volume of mantle material that is enriched in those elements. Mohd Rozi Umor and Syed Sheikh Almashoor (2000) considered that the granitoid were derived from the melting of eclogite from the mantle and could not have derived from the continental crust. The interaction with mantle material is supported by the occurrences of mafic enclaves and synplutonic dykes in the granitoids (Azman A. Ghani and Mustaffa, 2002) .
The Benom Granite has yielded an initial 87Sr,t86Sr ratio of 0.7079 (Cobbing et at., 1992) , which points to an origin in highly enriched lithospheric mantle. The long line of Central Belt plutons and the geochemical data are consistent with 'mantle plume' type magmatism (Davies and von Blanckenburg, 1995; Atherton and Azman A. Ghani, 2002) . The granitoids were derived from the melting of cooler, thickened, metasomatized mantle lithosphere when a hot plume-like asthenosheric linear diapir impinged against a mafic lower crust. Some of this magma stalled and crystallized at the base of the crust and subsequently partial melting formed the granitic magma as the asthenospheric upwelling increased. A similar scenario had been used to explain the genesis of the Late Granites of Scotland (Atherton and Azman A. Ghani, 2002) . However compared to Late Granites of Scotland, the Central belt granitoids lack picrites.
OTHER SUPPORTING EVIDENCES
Other supporting evidences for 'mantle plume' type magmatism for the Central belt include: 1. The presence of bimodal magmatism, the occurrences of mafic enclaves of older granitoids in younger granitoids and the new age data from Mohd Rozi Umor and Syed Sheikh Almashoor (2000) indicated that there is a significant time interval (up to 30 Ma) between the first mafic magmatism and the later felsic magmatism. This data suggest that the melting of the lower crust were due to the conduction of heat upward from the top of a hot basaltic region and not due to advective processes. Chakraborthy (1990) also came to the same conclusion based on different line of evidences. 2. The geochemical and the new age data also shows that the Central Belt granitoids are syn-collisional to postorogenic and penecontemporaneus with rapid postorogenic uplift, followed by erosion and coeval extensional/strike-slip deformation with the development of the Jurassic-Cretaceous continental deposits of Central Basin (extensional, Khoo and Tan, 1983 or transtensionalltranpressional, Mustaffa Kamal and Abdul Hadi, 2000a, b; Mustaffa Kamal, 2000; Tjia, 2000) . 3. Gravity data suggest that there is a thin continental crust beneath the Central Belt (Ryall, 1982; Loke et at., 1983) as compared to the Western and Eastern
Belt. This indicated that the Continental crust beneath the Central belt undergone crustal extension. 4. The presence of mafic enclaves is consistent with a mafic lower crust beneath the Central Belt formed by underplating. The large volume of granitoid, some rich in mafic enclaves others rich in older continental crust is a strong argument for enhanced partial melting throughout the whole Central Belt thinned crust, and not just the young mafic lower crust during the magmatic event.
Therefore the magmas could not have been derived from a subducting slab; it fundamentally resulted from the melting of lithospheric mantle. The bimodal nature of the complex suggests that igneous activity occurred during crustal extension and thinning phase which accompanied strike-slip tectonic motion in the Central Belt. Consequently the 'mantle plume' type magmatism is a plausible explanation for the Central Belt magmatism.
IMPLICATION ON THE GEOTECTONIC DEVELOPMENT OF PENINSULAR MALAYSIA
None of the existing tectonic models of Peninsular Malaysia fully explains the spatial, age or geochemical characteristics of the Central Belt granitoids. A consistent model must involve the oblique convergence of the two tectonic provinces of Peninsular Malaysia where 'mantleplume' type magmatism is the natural consequence of the attempted subduction of the continental crust.
The extensional models
The aborted rift model (Khoo and Tan, 1983) implicitly or explicitly assumed that the magmatism beneath the Central Belt were due to mantle plume processes. The scale, basaltic followed by felsic magmatism with a time gap in between each magmatism, associated with rapid uplift and erosion and genesis by partial melting of the underplated lower older continental crust is similar to magmatism in Archaean Karro and Yilgarn Plutons, inferred to be due to mantle plume processes (Hill et al., 1992) .
However the inequant and linear form of the Central Belt Plutons differ from the plume formed magmatic provinces (e.g. Deccan). The disposition of the Central belt Plutons adjacent to the Bentong-Raub Line, characterized by numerous reactivated faults and shear zones (Fig. 2) ranging from reversed to strike-slip and normal faults and their emplacement associated with rapid uplift to give rise to the strike-slip controlled (Mustaffa Kamal and Abdul Hadi, 2000b; Mustaffa Kamal, 2000; Tjia, 2000) continental Mesozoic Central Belt basin may suggest an underlying structural control on their emplacement. In addition, the sub vertical contacts between the granitoids and against the country rocks, the presence of foliation in older igneous rocks, igneous xenoliths in younger rocks and synplutonic dykes and other major protrusions from the main body, lack of associated structures in the country rocks which are only weakly deformed and the low grade metamorphism of the country rocks suggest high level block-like emplacement partly controlled by the regional tectonic trend. Thus, the elongated and linear geometry of the plutons can be explained by fault -controlled emplacement. This lead Chakraborthy (1990) to proposed a combined mantle plume-strike-slip model to explain the granite magmatism of the Eastern Province.
The recognition of the mantle plume type magmatism of the Central Belt, support the extensional models. However, carbonatites, typical of mantle plume magmatism have not been documented and how does the extensional models account for the regional transpressional (Mustaffa Kamal, 2000, this volume) event prior to granite emplacement in the Central belt is unclear.
Subduction-collision models
In subduction-collision models, the Eastern Province (which includes the Central Belt Plutons (Cobbing et aI., May 2003 1992)) has long been regarded as an ensialic volcanoplutonic arc, overlying a Permo-Triassic Benioff Zone (Hutchison, 1989) . However, Chakraborthy (1990) pointed out that the evidence for typical subduction related magmatism is lacking. He stressed that the plutonic suites in this province are bimodal with abundance of acidic rocks; there are no space-time composition relationship across the province, and high potassic rocks (Central Belt plutons) occur nearer to the postulated trench (BentongRaub Line). Moreover, the evidence that collision commenced around the Permian-Triassic boundary (Metcalfe, 2000) suggest that the Permian to Triassic magmatism could not have been related to oceanic subduction processes as it would have ceased upon collision.
For example, our data indicated that all the Benta Complex rocks here are shoshonitic, which should occur furthest away from a trench, but found very close to the Bentong-Raub Line. The evolutionary trend in time from tholeiitic to calc-alkaline and shoshonitic rocks are not recognizable in the Benta complex. The oldest rock, gabbro, have the highest K 2 0 values and the youngest rock, monzonite have the lowest values.
The Jurassic age for the Benta plutonic complex add further problem to the subduction model. (Pitcher et al., 1985) .
During the Late Permian-Triassic convergent, low grade greenschist to amphibolite facies metamorphism accompanied deformation (thrusting and strike-slip faulting) and plutonism. These events will almost certainly result in significant crustal thickening. Yet today the Central Belt is characterized by thin crust (Ryall, 1982; Loke et aI., 1983) , evidence oflithospheric extension, and magmatism, typical of passive hot spots, or continental extension.
TOWARDS A GEOTECTONIC MODEL
The recognition of 'mantle plume' type magmatism in the Central Belt may help resolve some of the problems related to subduction-collision and extensional models. The aspects of 'mantle plume' type magmatism, and their supporting evidences as discussed above, together with the outcrop shape and the long linear arrangements of the plutons in the Central Belt (Figs. 1 and 2) , could relate specifically to a linear, hot, asthenospheric upsurge onto lithospheric mantle on slab breakoff producing postconvergent basaltic/granitic magmatism as suggested by von Blanskenburg and for the Tertiary magmatism in the Alps and Atherton and Azman A. Ghani (2002) for the Scottish Caledonides magmatism. The high Ba and Sr plutons of the Central belt form a linear belt closely associated with the Bentong-Raub Line. Tbis association might well mark the position of the slab breakoff at the surface.
Probably during oblique convergent, a thickened cmstal segment descended, slab rollback can caused horizontal extension in both the asthenosphere and mantle lithosphere causing lithospheric thinning beneath the Central Belt. Then, the descending cmstal slab breaks off (Fig. 7) . The denser slab then, sinks into the deeper asthenospheric mantle. A likely consequence of slab breakoff is the rise of hot asthenosphere through the break to impinge on the thick Iithospbere in the overlying mantle wedge (von Blanskenburg and Davies, 1995) . The overlying lithosphere is heated by conduction as the asthenosphere impinge on its base leading to melting of metasomatized, veined and hydrated layers. This magma will rise to the crust, pass through and induce crustal melting to produce granitic magmas. Expected melts could be alkaline to ultrapotassic or calc-alkaline depending on degree of melting of the hydrated peridotite layers (von Blanskenburg and Davies, 1995) . Breakoff will lead to heating of the overriding lithospheric mantle by upwelling asthenosphere, melting of its enriched layers, and thus to bimodal magmatism.
CONCLUSION
A consistent model have been proposed that involved the oblique convergence of the two tectonic provinces of Peninsular Malaysia where slab breakoff which is the natural consequence of the attempted subducti on of the continental crust, is invoked to account for the ' mantle-plume' type magmatism of the Central Belt.
The outcome of the slab breakoff is the long linear belt of si ngle plutons characterized by high-K, shoshonitic granitoids with characteristics trace element signatures, specifically high Ba and Sr, which lie critically close to the Bentong-Raub Line. Other features include the bimodal association of mafic and felsic rocks, the low grade regional metamorphism, thinned continental crust, rapid uplift and erosion with the development of extensional/transtensional basins.
